sn-phospholipids, liberating fatty acid and lysophos-A novel kinetic and membrane-binding assay for pholipid (for recent reviews, see Refs. 1, 2). Since these phospholipase A 2 (PLA 2 ) has been developed utilizing hydrolysis products function either as a precursor of phospholipid-coated hydrophobic styrene-divinyl-proinflammatory metabolites or as a lipid second mesbenzene beads (5.2 { 0.3 mm diameter). Phospholipids senger, PLA 2 is thought to play key roles in inflammaformed a stable monolayer film on styrene-divinylben-tion and cell signaling. Thus, the assay of PLA 2 activity zene beads with average surface packing density of is an important tool for many biomedical and cellular ]-oleoyl-sn-glycero-3-phos-assay is the most sensitive and widely used (3). The phoglycerol coated on styrene-divinylbenzene beads radiometric assay follows PLA 2 hydrolysis by directly which could be easily monitored by measuring the ra-measuring the release of one of hydrolysis products, dioactivity of fatty acid released to solution in the typically radiolabeled fatty acid. This entails the sepapresence of bovine serum albumin. For human cyto-ration of the labeled product from the reaction mixture solic PLA 2 with high specificity for sn-2 arachidonyl by chromatography (4), solvent extraction (5, 6), or cengroup, styrene-divinylbenzene beads coated with 1-trifugation (7), which is often tedious and laborious. As form a stable monomolecular film on the surface of nM for cytosolic PLA 2 ; the specific activity was 1.6 and hydrophobic beads, such as styrene-divinylbenzene 1.7 mmol/min/mg, respectively. Finally, styrene-divinylbenzene beads coated with polymerized 1,2-bis[12-(SDVB), and that phospholipid-coated beads could be (lipoyloxy)dodecanoyl]-sn-glycero-3-phosphoglycerol used to assess the membrane binding affinity of prowere used to measure the membrane binding affinity teins and peptides. These phospholipid-coated beads of PLA 2 , which in conjunction with kinetic data pro-are simple to prepare, stable in aqueous dispersions, vides important insights into how PLA 2 interacts with and suitable for experimental manipulations for kinetic membranes. ᭧ 1997 Academic Press and binding measurements. Herein, we present a new simple radiometric PLA 2 assay using phospholipidcoated beads which is applicable to a wide range of Phospholipase A 2 (PLA 2 ; E.C. 3.1.1.4) 4 catalyzes the PLA 2 s, including human secretory and cytosolic PLA 2 . hydrolysis of the fatty acid ester in the 2-position of 3-In addition, we describe a related membrane binding assay of PLA 2 using the beads coated with nonhydro-1,2 These authors equally contributed to this work.
an alternative to these conventional radiometric assays, choline and dioleoylglycerol (7:3, mol/mol) were used we have developed a PLA 2 assay using radiolabeled form a stable monomolecular film on the surface of nM for cytosolic PLA 2 ; the specific activity was 1.6 and hydrophobic beads, such as styrene-divinylbenzene 1.7 mmol/min/mg, respectively. Finally, styrene-divinylbenzene beads coated with polymerized 1,2-bis[12- (SDVB) , and that phospholipid-coated beads could be (lipoyloxy)dodecanoyl]-sn-glycero-3-phosphoglycerol used to assess the membrane binding affinity of prowere used to measure the membrane binding affinity teins and peptides. These phospholipid-coated beads of PLA 2 , which in conjunction with kinetic data pro-are simple to prepare, stable in aqueous dispersions, vides important insights into how PLA 2 interacts with and suitable for experimental manipulations for kinetic membranes. ᭧ 1997 Academic Press and binding measurements. Herein, we present a new simple radiometric PLA 2 assay using phospholipidcoated beads which is applicable to a wide range of Phospholipase A 2 (PLA 2 ; E.C. 3.1.1.4) 4 catalyzes the PLA 2 s, including human secretory and cytosolic PLA 2 . hydrolysis of the fatty acid ester in the 2-position of 3-In addition, we describe a related membrane binding assay of PLA 2 using the beads coated with nonhydro-1,2 These authors equally contributed to this work.
lyzable phospholipids, which in conjunction with ki- 3 To whom correspondence should be addressed. Fax: 312-996-0431. netic experiments provides important insights into how E-mail: wcho@uic.edu.
each PLA 2 interacts with membranes. 4 Abbreviations used: BLPC, 1,2-bis[12-(lipoyloxy)dodecanoyl]-snglycero-3-phosphocholine; BLPG, 1,2-bis[12-(lipoyloxy)dodecanoyl]-sn-glycero-3-phosphoglycerol; BSA, bovine serum albumin; cPLA 2 , glycero -3 -phosphoethanolamine; POPG, 1 -palmitoyl -2 -oleoyl -snglycero-3-phosphoglycerol; pyrene-PG, 1-hexadecanoyl-2-(1-pyrenedhuman cytosolic PLA 2 ; DOG, 1,2-dioleoyl glycerol; hs-PLA 2 , human secretory class II PLA 2 ; PLA 2 , phospholipase A 2 ; POPC, 1-palmitoylecanoyl)-sn-glycero-3-phosphoglycerol; SAPC, 1-stearoyl-2-arachidonyl-sn-glycero-3-phosphocholine; SDVB, styrene-divinylbenzene. 2-oleoyl-sn-glycero-3-phosphocholine; POPE, 1-palmitoyl-2-oleoyl-sn-
MATERIALS AND METHODS
cake of beads. After repeatedly washing (31) with 20% NaOH solution, the beads were rinsed with 7:3 (v/v) Materials. 1,2-Dioleoylglycerol (DOG), 1-palmitoyl-water/ethanol mixture and collected by centrifugation 2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1-palmi-(1500g 1 5 min). From this point on, the beads readily toyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE), formed a pellet. The washing was repeated until the 1 -palmitoyl -2 -oleoyl -sn -glycero -3 -phosphoglycerol pH of the washed solution turned neutral. The beads (POPG), 1-stearoyl-2-arachidonyl-sn-glycero-3-phospho-were finally rinsed with 1% aqueous ethanol solution, choline (SAPC), 1-palmitoyl-2-hydroxy-sn-glycero-3-phos-collected by centrifugation (1500g 1 5 min) and dried phocholine, 1-palmitoyl-2-hydroxy-sn-glycero-3-phospho-by lyophilization. Lyophilized beads were stored in a glycerol, 1-stearoyl-2-hydroxy-sn-glycero-3-phosphocholine glass tube at room temperature. For coating beads with were purchased from Avanti Polar Lipids (Alabaster, phospholipids, weighed beads were suspended with an AL). 1-Hexadecanoyl-2-(1-pyrenedecanoyl)-sn-glycero-appropriate volume (e.g., 5 ml for 100 mg of beads) of 3-phosphoglycerol (pyrene-PG) was purchased from ethanol:hexane solution (1:1, v/v) in a round-bottomed Molecular Probes (Eugene, OR). 1,2-Bis[12-(lipoyloxy)-flask and a proper volume of radiolabeled phospholipid dodecanoyl]-sn-glycero-3-phosphocholine (BLPC) and solution in ethanol:hexane (1:1, v/v) was added to this -glycerol (BLPG) were synthesized as described else-suspension. After the brief vortexing, the organic solwhere (9, 10) . Fatty acid-free bovine serum albumin vents were removed by rotary evaporation. The dried (BSA) was from Bayer Inc. (Kankakee, IL). Styrene-beads were resuspended in water in a glass centrifuge divinylbenzene (SDVB) beads (5.2 { 0.3 mm diameter) tube and were subjected to the low-energy sonication were purchased from Seradyn, Inc. (Indianapolis, IN).
in a sonicating bath; this sonication step ensures the [9, H]Oleic acid (sp act 30 Ci/mmol) and [5, 6, 8, 9 washing procedure was repeated until the radioactivity acid using rat liver microsomes as described (11 (13) , bovine tant after incubating them for a given period of time. pancreatic PLA 2 (14, 15), and human secretory class II Used beads were collected from buffer solutions by cen-PLA 2 (hs-PLA 2 ) (16) were prepared as described else-trifugation and recycled. Typically, lipids were rewhere. Recombinant human cytosolic PLA 2 (cPLA 2 ) moved from beads by washing with ethanol (31) and was expressed in insect cells using a baculovirus exadsorbed proteins degraded by soaking the beads in pression vector generously provided by Dr. B. Kennedy 20% NaOH for 30 min. Washed beads were rinsed in of Merck Frosst Co. and purified as described (17) . Pu-1% aqueous ethanol and lyophilized for further use. rity of protein was confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Protein conKinetic measurements. In a typical kinetic expericentrations were determined by the bicinchoninic acid ment, ca. 100 mg of phospholipid-coated beads were method (Pierce; Rockford, IL). dispersed in 5 ml of an assay buffer solution (10 mM Hepes, pH 8.0 containing 10 mM CaCl 2 and 25 mM BSA) Phospholipid-coated styrene-divinylbenzene beads.
to make the bulk concentration of phospholipid in the The silica suspension of SDVB beads (10%) was washed range of 50 to 100 mM. One hundred-microliter aliquots with 20% NaOH solution to remove silica emulsion.
of the dispersion were transferred to 1.5-ml microcenTypically, the bead suspension was mixed with ca. 10 trifuge tubes and the hydrolysis was initiated by addvol of 20% NaOH and the mixture was shaken gently ing PLA 2 to a final concentration of 1 to 50 nM. The for 1 h and then vigorously for 1 min. After centrifugasolutions were mixed immediately and incubated at tion (1500g 1 5 min) of the mixture, the supernatant was carefully removed by aspiration from a floating room temperature for a given period (e.g., 5 min) and the reaction was finally quenched by adding 10 ml of squares analysis of reaction progress curve. Total enzyme concentration was calculated using the apparent trifluoroacetic acid to the mixtures. The beads were second order constant, (k cat /K M ) app , which was sepapelleted using a microcentrifuge (15,000g 1 15 s) and rately determined for hs-PLA 2 under the same condi-50-ml aliquots of the supernatants were transferred to tions; it was then converted to [E] concentration. This equation assumes that each enof aliquots from the reaction mixture minus enzyme zyme molecule binds independently to a site on the was measured under the same conditions and subbead surface composed of n phospholipids and with distracted from the enzyme kinetic data for the backsociation constant of K d . ground correction. The background value at time zero was typically less than 6% of total radioactivity on beads and did not increase appreciably with time in RESULTS the absence of enzyme. For kinetic analyses, corrected
Phospholipase A 2 hydrolysis of phospholipids coated radioactivity values were converted into phospholipid on styrene-divinylbenzene beads. It was previously concentrations using the known specific radioactivity shown that phospholipids form a stable monomolecular of phospholipid.
film on the surface of hydrophobic beads, such as SDVB Binding measurements. The binding of hs-PLA 2 to bead (8) . Also, the surface packing density of phosphophospholipid-coated beads was measured using BLPG lipid could be adjusted by varying the phospholipid-(or BLPC) polymerized on SDVB surfaces. BLPG mole-to-bead ratio (w/w). We first determined the surface cules were coated on SDVB beads as described above packing density of the phospholipids on SDVB beads and were allowed to polymerize in the presence of 10 under our experimental conditions by measuring the mM dithiothreitol at 37ЊC for 24 h. The beads were then radioactivity of known amounts of phospholipid-coated washed with water (21) /molecule) was consistently beads, BLPG was doped with 0.5 mol% of radiolabeled achieved. POPG has the nominal cross-sectional area POPG and coated on the known amount of beads. Ali-of 60 Å 2 /molecule when maximally packed at the airquots of washed bead dispersion were taken and their water interface, whereas the area for the most loosely radioactivity was measured. For binding measure-packed confluent POPG monolayer attainable at the ments, ca. 100 mg of polymerized BLPG-coated beads air-water interface is ca. 160 Å 2 /molecule (18). Thus, was resuspended in 5 ml of the binding assay buffer POPG molecules on SDVB beads have relatively com-(bulk phospholipid concentration É60 mM). Two hun-pact surface packing density under our experimental dred-microliter aliquots of this dispersion were trans-conditions. Then, we measured the stability of the ferred to 1.5-ml microcentrifuge tubes and incubated phospholipid-coated beads under different conditions. with 0 to 5 mM of enzyme for 30 min at 37ЊC. After It was shown (8) that egg phosphatidylcholines coated beads were pelleted (15,000g 1 15 s), the concentration on SDVB beads were resistant to hydrolysis in the pH of free enzyme ([E] f ) in each supernatant was deter-range 2.0 to 9.0 and stable for 30 days when stored at mined by measuring the enzyme activity toward py-4ЊC and at pH 7.4. We found that POPG, POPC, and rene-PG/BLPG polymerized mixed liposomes as de-POPE coated on SDVB beads were stable for at least scribed elsewhere (10, 15) . Typically, the reaction (at 3 days at room temperature in 10 mM Tris-HCl buffer, 37ЊC) was initiated by adding 2-to 200-ml aliquots of pH 7.4, containing different concentrations of NaCl (0, the supernatant to 2 ml of 10 mM Tris-HCl buffer, 0.16, 0.5, and 1 M). Also, CaCl 2 up to 10 mM had no pH 7.4, containing pyrene-PG (0.1 mM)/BLPG (9.9 mM) effect on the stability of phospholipid-coated beads. polymerized mixed liposomes, 2 mM BSA, 0.16 M NaCl, Given the stability and the well-defined surface propand 10 mM CaCl 2 . The progress of hydrolysis was moni-erty of phospholipids coated on SDVB beads, we extored as an increase in fluorescence emission at 380 plored a possibility to use them for PLA 2 assay. Most nm using a Hitachi F4500 fluorescence spectrometer commercially available radiolabeled phospholipids conwith the excitation wavelength set at 345 nm. The tain a label in their sn-2 fatty acyl group which can be pseudo-first-order rate constant (Å(k cat /K M ) app r[total liberated by PLA 2 hydrolysis. The liberated fatty acids will remain on hydrophobic bead surfaces due to their enzyme]) was calculated from the nonlinear least-hydrophobic bead surfaces (8) . Because BSA removes the fatty acid from bead surfaces, more hydrophobic bead surfaces will be exposed, which will in turn provide high-affinity binding sites for BSA molecules some of which contain fatty acids in their binding pockets. As a result, the nonspecific adsorption of BSA to hydrophobic bead surfaces will reduce the effective concentration of fatty acid released to the assay buffer. It should be noted, however, that despite this limitation a consistent extent (25%) of the removal of oleic acid from SDVB bead surfaces was achieved when 25 mM BSA was allowed to interact with SDVB beads coated with 20 to 200 mM of oleic acid. Based on these results, the time course of the hydrolysis of [ coated on SDVB beads. This was not due to the incomplete hydrolysis of POPG because the addition of fresh enzyme after the completion of initial hydrolysis did low solubility in water. Since the SDVB beads are readily separated from the supernatant by centrifugation, it is possible to monitor PLA 2 hydrolysis of radiolabeled phospholipids coated on the beads if the liberated fatty acid can be released to solution. We previously showed that BSA could selectively bind and quantitatively remove fatty acids and lysophospholipids, but not phospholipids, from liposome surfaces (9, 10). We tested if BSA could also extract fatty acids from bead surfaces. As shown in Fig. 1 , BSA in the concentration range of 2.5 to 100 mM did not appreciably remove POPG (70 mM) from SDVB beads. Neither did BSA remove POPC and POPE under the same conditions (data not shown). In contrast, BSA in the same concentration range was able to remove radiolabeled oleic acid from SDVB beads. When SDVB beads were coated with different mixtures of [9, H]oleic acid, 1-palmitoyl-2-hydroxy-sn-glycero-3-phosphoglycerol, and POPG, BSA extracted oleic acid from bead surfaces in a concentration-dependent manner (Fig. 1) . At 25 to 50 mM, BSA spontaneously removed approximately 25% of oleic acid from bead surfaces in the presence or absence of 1- the ability of BSA to avidly and irreversibly bind to (data not shown). In contrast, DOG enhanced the cPLA 2 activity toward [ 14 C]SAPC in a concentrationdependent manner (Fig. 3) . Also, the percentage of released radioactivity increased with the increase in DOG content, from ca. 40% for the SAPC:DOG (9:1) mixture to 66% for the SAPC:DOG (6:4) mixture. The latter increase was largely due to higher fatty acid extraction efficiency of BSA in the presence of DOG because it was shown that the removal of tritiated arachidonic acid from bead surfaces increased, to a comparable extent, when the mole fraction of DOG in the arachidonic acid:DOG mixture was increased from 0.1 to 0.4 (data not shown). Although higher concentrations of DOG further enhanced the cPLA 2 activity, the SAPC:DOG (7:3) mixture was selected for routine cPLA 2 assay due to the difficulty encountered in dispersing beads coated with higher concentrations of DOG in an aqueous solution. This presumably derives from high hydrophobicity of DOG which in turn makes can be used as substrate for various PLA 2 species and that the hydrolysis can be quantitatively monitored by measuring the radioactivity of supernatant in the presence of BSA. Having shown this, we then determined not result in further release of radioactivity into the assay buffer. These results in conjunction with the the correlation between the activity and enzyme concentration to establish the feasibility of this method as BSA-oleic acid binding data described above indicate that essentially all POPG molecules coated on SDVB a routine PLA 2 assay. Specifically, we measured the activity of two human enzymes, hs-PLA 2 and cPLA 2 , beads are conducive to PLA 2 -catalyzed hydrolysis but that ca. 25% of liberated oleic acid molecules are re-toward [ 3)-coated SDVB beads, respectively, as a function of enzyme conmoved from the beads by BSA under our assay conditions. Since it was impractical to accurately determine centration. Because the radioactivity of released product is readily converted into the actual concentration the amount of oleic acid remaining on bead surfaces for each kinetic measurement, the rate of hydrolysis from the known specific radioactivity of [ 3 H]POPG and [ 14 C]SAPC, the activity of PLA 2 (mmol/min) can be diwas calculated based on the amount of the fatty acid released to the assay mixture.
rectly determined from the initial slope of reaction progress curve. The effect of enzyme concentration on In contrast to secretory enzymes, cPLA 2 with high specificity for sn-2 arachidonyl group showed extremely the activity of hs-PLA 2 and cPLA 2 is shown in Fig. 4 .
For hs-PLA 2 , the activity was directly proportional to low activity toward [ 3 H]-POPG-coated SDVB bead (see Fig. 2 ). Thus, we coated the beads with radiolabeled the concentration of hs-PLA 2 in the range of 1 to 50 nM in 100 ml assay buffer (1.4 to 70 ng) and the specific [ 14 C]SAPC which was shown to be a good substrate for this enzyme (19, 20) . The average surface packing activity was 1.6 mmol/min/mg. This value is comparable to that determined using anionic polymerized mixed density of SAPC on SDVB (i.e., (1.2 { 0.2) 1 10 02 molecule/Å 2 ) was similar to that of POPG. When the SDVB liposomes (10) . The activity of cPLA 2 was proportional to the concentration of enzyme in the range of 0.5 to beads were coated with [ 14 C]SAPC alone, cPLA 2 did not show any detectable activity (see Fig. 3 ). It was 20 nM in 100 ml assay buffer (4.3 to 170 ng) and the specific activity was 1.7 mmol/min/mg which is also previously shown that anionic lipids and diacylglycerol, such as DOG, enhance the activity of cPLA 2 toward comparable to the specific activity of cPLA 2 determined using SAPC/DOG mixed vesicles (22, 23) . For a rapid phospholipid liposome substrates (21). We therefore coated the beads with SAPC/POPG and SAPC/DOG assay during enzyme purification, the activity can be determined with reasonable accuracy by measuring the mixtures of different compositions. The addition of anionic POPG molecules (up to 50 mol%) to [
14 C]SAPC-increase in product concentration at a given time (e.g., 5 min). coated surfaces did not increase the cPLA 2 2 , which is essentially the same as that of POPG and SAPC. We then measured the PLA 2 activity toward BLPG-coated SDVB beads before and after polymerization to test if the polymerized BLPG molecules on SDVB beads were resistant to PLA 2 hydrolysis. When monitored using a pH stat at pH 7.4, the activity of hs-PLA 2 toward nonpolymerized BLPG (0.1 mM) coated on SDVB beads (sp act 2.5 mmol/min/mg) was comparable to that of POPG coated on the same beads. In contrast, no hydrolysis was detectable when polymerized BLPG (and BLPC) coated on SDVB beads was incubated for several hours with up to 1 mM hs-PLA 2 . Having established that polymerized BLPG (and BLPC) coated on SDVB beads were practically resistant to PLA 2 hydrolysis, we then measured the binding of hs-PLA 2 to the polymerized BLPG-and BLPC-coated beads at different ionic strength. The binding isotherms are illustrated 2 acts at the lipid-water interface, the PLA 2 catalysis involves the binding of protein to the interface, which is a unique and important step in the interfacial catalysis of PLA 2 . To fully understand interfacial catalysis of PLA 2 , it is thus necessary to measure the equilibrium dissociation constant between PLA 2 and the interface. Phospholipid-coated beads were previously used as a model membrane to evaluate the membrane-binding affinity of amphiphilic peptides and proteins (8) . A major advantage of using phospholipid-coated beads for binding measurements is the experimental convenience in physically separating the membrane-bound protein from the free form. For the liposome-protein binding, this entails the use of large and heavy liposomes (e.g., sucrose-loaded liposomes) and high-force centrifugation (15, 24). To measure the binding of PLA 2 to phospholipid-coated beads while preventing its hydrolytic activity, it is necessary to use phospholipids that are resistant to PLA 2 hydrolysis. We (9). To ensure complete polymerization, BLPG-coated ods but suffers from a lack of control on the phospholipid composition of E. coli membranes which restricts
The Binding of hs-PLA 2 to Polymerized Phospholipidits general applicability (7) . The radiometric kinetic study. In principle, one can coat a smaller amount of beads with undiluted radiolabeled phospholipids to detect a smaller amount of PLA 2 . which is in reasonable agreement with the calculated Compared to the conventional methods, the bead value. Furthermore, the K d values demonstrate that assay has several significant experimental advantages. hs-PLA 2 has high specificity for anionic surfaces as re-First, phospholipid-coated SDVB beads are simple to ported previously (26-28); at 0.16 M NaCl, it binds prepare, easy to handle, and stable in a proper buffer anionic BLPG surfaces ca. 380 times more tightly than solution. In particular, the easy and rapid separation electrically neutral BLPC surfaces. Also, high depen-of reaction product from the reaction mixture by lowdency of the BLPG binding on the ionic strength of force centrifugation makes it ideally suited for the medium demonstrates largely electrostatic nature of rapid enzyme assay during the enzyme purification. binding; when NaCl concentration increased from 0.16 Second, the bead assay allows the flexibility in designto 1 M, the binding decreased 440-fold. In contrast, the ing an optimal assay condition for a specific PLA 2 spelower-affinity binding of hs-PLA 2 to polymerized cies. In this study, SDVB beads of 5.2 mm diameter BLPC-coated beads was essentially insensitive to the were coated with a monomolecular film of phosphatichange in ionic strength. As a result, the binding affin-dylglycerol or a mixture of phosphatidylcholine and diity for polymerized BLPG-coated beads at 1 M NaCl acylglycerol to achieve the average surface packing was comparable to that for polymerized BLPC-coated density of ca. 1.3 1 10 02 molecule/Å 2 . In principle, it is beads at 0.16 M NaCl. Presumably, the binding under possible to use any combination of bead size and chemithese circumstances is mainly driven by hydrophobic cal nature and packing density of phospholipid to preinteractions which have been shown to make a consid-pare phospholipid-coated beads best suited for a particerable contribution to overall interfacial binding of sev-ular PLA 2 . For instance, the assay using SDVB beads eral secretory PLA 2 s (for instance see Ref. 15 ). Taken coated with [ 14 C]SAPC:DOG (7:3) turns out to be partictogether, these results demonstrate that polymerized ularly useful for cPLA 2 for which only a limited number phospholipids on SDVB beads can be used to conve-of assay methods are available. Unlike other phosphoniently and accurately measure the membrane binding lipid aggregates, the physical property of which greatly affinity of PLA 2 s which in conjunction with kinetic data depends on the nature and composition of phospholipwill provide important insights into how they interact ids, phospholipids coated on beads would be in essenwith membranes.
tially the same physical state due to the presence of bead surfaces that support the monomolecular film of DISCUSSION phospholipid. Thus, one can systematically analyze the effect of surface charge and phospholipid packing denThis report describes a new kinetic and membranebinding assay for PLA 2 using phospholipid-coated hy-sity on the activity of a particular PLA 2 by varying the composition and amount of coated phospholipids. drophobic beads. Radiometric assays are most widely used for PLA 2 mainly due to the high sensitivity. How-Finally, phospholipid-coated beads can be used to quantitatively assess the membrane binding affinity of ever, conventional radiometric PLA 2 assays are often laborious and time-consuming because they rely on the PLA 2 . Although beads coated with any nonhydrolyzable phospholipids could serve this role, polymerized separation of radiolabeled product(s) from the reaction mixture by either chromatography (4) or solvent ex-BLPG (and BLPC)-coated beads were used in this study due to their availability. When compared to bindtraction (5, 6 ). An alternative assay using radiolabeled Escherichia coli membranes is faster than these meth-ing measurements using BLPG polymerized liposomes
